bination with surgery leads to superior clinical outcomes remains unknown. Several authors have attempted to stratify patients into treatment groups by pretreatment neurological status, 7, 17, 20 anatomy of the SEA (dorsal vs ventral), 11 patient age, and other clinical characteristics, 4 with varying results. Spinal epidural abscesses have been reported to occur in patients who range in age from 10 days to 87 years, with most cases occurring in those 30-60 years old. 16 Not surprisingly, increasing patient age has been shown to be a poor prognostic factor. 4 However, to date, no published studies have investigated treatment options in patients age 50 years and older presenting with an SEA. Due to the unique needs of older patients, as well as the multitude of variables that affect outcomes related to age, we feel it is necessary to examine data from an older population in isolation to help guide clinical decision making for these patients. Therefore, this study retrospectively analyzed cases of SEA, in patients 50 years of age and older, treated at our institution over the past 15 years.
Methods

Patient Selection
From January 1, 1999, to April 31, 2013, 82 patients who were at least 50 years of age were treated at Duke University Medical Center for a spontaneous epidural abscess. The institutional review board approved this study. Patients were identified using a computerized search for the ICD-9-CM code 324.1 (abscess of any part of the spinal cord). The inclusion criteria were the identification of pathological tissue (phlegmon, pus, or both) in the epidural space by surgery or biopsy. Patients with a known history of postoperative infection were excluded.
Patient demographics, clinical presentation, comorbidities, radiological studies, abscess location, and all treatment variables were reviewed for each case.
Diagnostic Evaluation
A spontaneous epidural abscess was principally suspected on clinical grounds based on the clinical history, physical examination findings, and/or laboratory findings and was confirmed with radiological studies. All patients enrolled in this study had standard laboratory tests on admission to the hospital including the following: erythrocyte sedimentation rate, peripheral white blood cell counts, C-reactive protein, complete urine analysis, microbiology, and blood cultures. The erythrocyte sedimentation rate was determined by the Westergren method and was considered abnormal if it was greater than 15 mm/hour; C-reactive protein was considered abnormal if it was greater than 5 mg/dl. Bacterial identification and susceptibility testing were performed according to the guidelines of the Centers for Disease Control.
On presentation to the emergency department, the majority of patients underwent contrast-enhanced CT scanning. Because a CT scan does not always provide conclusive evidence of SEA, the diagnosis was definitively established in all patients by MRI with and without contrast.
Duration of Symptoms and Extent of Preoperative Neurological Deficit
Patients with symptom manifestations lasting less than 2 weeks prior to hospital admission were considered to have an acute presentation. Those whose symptoms lasted greater than 2 weeks prior to presentation were considered to have a more chronic course. Patients were stratified based on the extent of their neurological deficit on hospital admission; patients were categorized as having no deficits (Group 1), mild radiculopathy (Group 2), or paraplegia or quadriplegia (Group 3).
Performance of Surgical Decompression Versus Antibiotics Based on Surgeon "Preference"
The decision to treat a confirmed SEA with antibiotics or surgical decompression or both was at the discretion of the attending neurosurgeon, after taking into consideration all pertinent comorbidities, patient age, and the extent of the epidural abscess. Nevertheless, all surgeons involved in our study practiced similar postintervention management paradigms, with daily clinical examination, laboratory workup, and antibiotic administration.
Statistical Analysis
Parametric data are expressed as the mean ± SD and were compared utilizing the Student t-test. Nonparametric data are expressed as the median (interquartile range) and were compared utilizing the Mann-Whitney U-test. Nominal data were compared with the chi-square test. Univariate analysis (JMP 6, SAS Institute) was performed to identify independent predictors of poor treatment outcomes. Variables associated with poor treatment outcomes (p < 0.05) in univariate analyses were then included in a multivariate logistic regression model. Variables in the multivariate analysis with p < 0.05 were considered significant (JMP 6, SAS Institute).
Results
From January 1, 1999, to April 31, 2013, 82 patients age 50 years and older were treated at Duke University Medical Center for a spontaneous epidural abscess. There were 46 men and 36 women. The overall mean age (± SD) was 65 ± 8.58 years (Group 1, 65 ± 8 years; Group 2, 64 ± 8 years; and Group 3, 64 ± 10 years; p = 0.43) ( Table  1) . Forty-six patients (56%) were Caucasian and 33 (40%) were African American (Table 1) . On contrast-enhanced MRI of the spine, the most common levels affected were L-3 (22% of patients), L-4 (33% of patients), and L-5 (31% of patients). The median number of vertebral levels involved was 2 (IQR 3-5). The majority of imaged SEAs extended continuously across vertebral levels, with the exception of 1 patient with both a 5-level cervicothoracic SEA and a 2-level lumbar SEA. Table 2 summarizes the most common predisposing factors for the development of an SEA: 25 patients (30%) had multiple medical problems, 31 patients (38%) had a history of diabetes mellitus, 20 (24%) had end-stage renal disease, 7 (9%) had endocarditis, 5 (6%) had a recent history of urosepsis, 4 (5%) had rheumatoid arthritis and were on immunosuppressive therapy, 2 (2.4%) had a history of spinal trauma, and 1 patient was HIV positive.
Clinical Features and Risk Factors for the Development of an SEA
Symptoms and Findings on Presentation
The patients' presenting complaint(s) ranged in severity from nonspecific back pain to marked weakness. As previously stated, patients were stratified into 3 groups based on the degree of neurological deficit: Group 1 (no neurological deficit), Group 2 (mild radiculopathy), and Group 3 (paraplegia or quadriplegia). There were 47 (57%) patients in Group 1, 23 (28%) in Group 2, and 12 (15%) in Group 3. Back pain and severe motor deficits were the most common presenting symptoms, occurring in 76% and 57% of patients, respectively (Table 3) ; fever was present in 52%; urinary/bowel dysfunction was present in 22%; and encephalopathy was present in 6%.
Radiographic Findings
Magnetic resonance imaging with/without contrast adminstration revealed an SEA in all 82 patients. The imaging characteristics of an epidural abscess are quite distinctive. An epidural mass appears iso-or hypointense on T1-weighted MRI compared with the spinal cord and is hyperintense on proton-density and T2-weighted imaging sequences. Coexisting low signal changes in adjacent vertebral bodies are often seen on T1-weighted MRI with high signal intensity in the intervertebral disc and vertebral bodies on T1-weighted MRI sequences.
Treatment
All patients received a prolonged course of intravenous antibiotics, which were initiated on an empirical basis and later tailored to the particular organism. Treatment options included CT-guided aspiration or blood cultures followed by prolonged intravenous antibiotics or surgical decompression with intravenous antibiotics. Generally, surgery was recommended for patients presenting with a neurological deficit (Grade 2 or 3) except in instances in which paraplegia or quadriplegia was present for longer than 48 hours. Additionally, surgery was recommended if there was evidence of a progressive spinal deformity even in the absence of a neurological deficit. Of the 82 patients, 30 (37%) underwent surgery for removal of the abscess, whereas 52 (63%) were treated more conservatively with CT-guided aspiration or examination of blood cultures to establish the pathogen involved. Of those requiring surgery, 16 patients (53%) underwent simple laminectomy, 7 (23%) underwent laminectomy with fusion, 3 (10%) underwent a transpedicular decompression, and 4 (13%) underwent anterior decompression (with or without corpectomy) and fusion.
Pathogen Causing Spontaneous Epidural Abscess
The causative pathogens were determined from intraoperative sampling, CT-guided aspiration, or blood cultures in 72 patients (88%) ( Table 4 ). The most common pathogens causing SEA were methicillin-sensitive Staphylococcus aureus (28%), methicillin-resistant S. aureus (28%), coagulase-negative Staphylococcus species (11%), and Enterococcus (4%). Other causative organisms included Streptococcus species (5%) and Abiotrophia (1%). The causative organism was unknown in 10 patients (12%).
Clinical Follow-Up
The mean duration of clinical follow-up was 41.38 ± Comparing their neurological status at last follow-up to neurological status at admission, the majority of patients (53%) reported being neurologically "slightly better" or "unchanged," 15% reported being "significantly better," and 32% of patients reported being worse or had died. Of patients who died, the cause of death was sepsis in 14 (56%), complications from end-stage renal disease in 2 (8%), pulmonary embolism in 2 (8%), and myocardial infarction in 2 (8%).
Operative Versus Nonoperative Management
At baseline, there was no statistically significant difference between the operative and nonoperative cohorts ( At initial presentation, 12 (15%) patients were noted to be paraplegic or quadriplegic, of whom 7 were managed operatively and 5 nonoperatively. Of the surgically treated patients, 3 improved neurologically, 2 remained unchanged, and 2 worsened. Of the nonoperatively managed patients, 2 improved neurologically and 3 worsened neurologically.
Dorsal Versus Ventral Abscess Location
Of the 82 SEAs, 57 (70%) were ventrally located and 25 (30%) dorsally located. At baseline, there were no statistically significant differences between the two cohorts (Table 6) . At initial presentation, 28% of patients with dorsally located SEAs were classified into Group 3 (paraplegia or quadriplegia) compared with 9% of patients with ventrally located SEAs (p = 0.06). Of the 70% with ventrally located SEAs, 37% underwent surgical decompression compared with 36% of those with purely dorsal SEAs (p = 0.95). Of note, all operatively managed patients with purely dorsal SEAs underwent simple laminectomy without fusion. In the cohort of patients with ventral SEA, 9 (17%) improved, 29 (56%) remained unchanged, and 17 (33%) worsened or died. In the cohort with dorsal SEAs, 3 (13%) improved, 12 (48%) remained unchanged, and 8 (32%) worsened or died. 
Variables Correlating With Poor Outcomes
In a univariate analysis, increasing patient age, male sex, baseline neurological deficit, changes in sensory perception, back and leg pain, abscess location, bowel/ bladder dysfunction, and method of treatment were all associated with poor treatment outcomes. Alternatively, patient ethnicity, anatomical location of abscess (cervical, thoracic, lumbar), encephalopathy, fever, white blood cell count at presentation, and offending infectious agent were not associated with poor treatment outcomes.
Correlation Between Pretreatment Variables and Poor Treatment Outcomes
When included in a multivariate logistic regression model, an increasing baseline level of pain trended toward significance (p < 0.08) and was associated with a poor outcome; the presence of paraplegia or quadriplegia on initial presentation and a dorsally located SEA were independently associated with poor treatment outcomes. However, increasing patient age, male sex, and degree of sensory disturbance were not associated with poor treatment outcomes (Table 7) .
Discussion
In older patients with multiple comorbidities, the diagnosis of an SEA presents multiple challenges; of primary concern is the impending neurological deterioration due to the poor baseline reserve. In the present analysis of patients 50 years of age and older who were treated for spontaneous SEAs, there were no statistically significant differences when comparing combined surgical decompression/intravenous antimicrobial treatment and intravenous antimicrobial therapy alone. Additionally, our studies suggest that increased baseline neurological morbidity and dorsally located abscesses were independently associated with a poor postoperative prognosis compared with other independent variables.
It has been almost 350 years since SEAs were first described by the Italian anatomist Morgagni and since then there has continued to be significant debate on their management in contemporary literature. 7, 8, 17, 18, 20 Although SEAs are a rare pathology, there is an increasing incidence in older patients due to a high number of comorbidities and risk factors in this subpopulation. 15 In prior studies, diabetes mellitus, a condition with the highest incidence in the older population, 3, 14 was the primary predisposing comorbidity represented.
11 Additional pathologies such as chronic obstructive pulmonary disease and hypertension, which disproportionately affect older patients, are also postulated to affect outcomes in the management of SEAs. 15 To the best of our knowledge, this study represents the first analysis of comparative outcomes in this particular patient subset.
Karikari and colleagues in 2009 first suggested the incorporation of the anatomy of the abscesses in the formulation of a treatment plan. 11 For treatment that involves surgical decompression, it would follow, especially in an older population, that the differences in outcomes between ventrally and dorsally located abscesses would be a function of postoperative spinal stability. Specifically, Karikari and colleagues assumed that the preservation of the posterior longitudinal ligament via the ventral approach would reduce postoperative morbidity in this subgroup. As expected, their regression model demonstrated comparatively poorer outcomes in the cases of dorsally located abscesses relative to those of ventrally located lesions. Whether this difference in outcomes can be impacted by specific comorbidities in the older population remains to be seen and warrants further study. In Karikari and colleagues' analysis of 104 patients, there was no added benefit of early surgical management compared with conservative treatment, which was analogous to our findings in an older patient cohort.
In a recent retrospective series comparing the two treatment strategies, Connor and colleagues analyzed data obtained in 77 patients undergoing either conservative management or early surgical decompression. 6 While baseline neurological dysfunction was directly correlated with assessed outcomes in their study, the authors demonstrated utility of early combined surgical intervention and antimicrobial therapy as an optimal treatment compared with a nonoperative approach. Not surprisingly, patients who fared better at discharge were on average younger than those who did not fare as well, and the difference was statistically significant (p = 0.04). In our cohort, a minority of patients (14.6%) reported improvement after therapy with a slight bias toward the operative group (p = 0.03). The vast majority of patients (> 85%), however, were either unchanged or worse, with no statistically significant difference between treatment cohorts.
Studies have consistently demonstrated that relative to postoperative outcomes after spinal instrumentation, the presence of a baseline neurological deficit is a strong predictor of patient satisfaction and time to functional independence. 5, 9, 12 This is even more significant in the older population in which decreased bone quality combined with multiple comorbidities adversely impacts postoperative outcomes, even in the short term. 2, 13 Similarly, we found that the presence of paraplegia or quadriplegia had an impact almost 3 times that of pain in predicting postoperative outcomes (Table 7) .
The limitations inherent in our study have implications for its interpretation. First, this study was limited by its retrospective design. Second, the lack of validated patient-reported outcomes precludes us from making any firm conclusions about the long-term clinical effectiveness of either approach. Additionally, the construction of our study hinges on institutional experience where, at around the age of 50, patients present with multiple comorbidities that differentially affect posttreatment outcomes. Similarly age-matched cohorts may show disparate postoperative functional outcomes due to different perspectives on pain and functional independence or improved comorbidity profiles. Nonetheless, our findings suggest that in older patients early surgical intervention was not associated with superior postoperative clinical outcomes: this finding resonates with earlier evidence of the similarity of conservative medical management in the general patient population. This is an important finding in this patient cohort because, for the operating surgeon, the choice between surgical intervention and conservative management is often counterbalanced by the delicate nature of a patient's comorbidities and compounded by the relative lack of literature to guide these choices. Given the rapid increase in this subpopulation of patients, the decision to surgically intervene or treat conservatively will continue to pose a challenge to neurosurgeons.
Conclusions
Our study suggests that in patients 50 years of age and older early surgical decompression combined with intravenous antimicrobial therapy was not associated with superior clinical outcomes when compared with intravenous antimicrobial therapy alone.
